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Irllplovillg QW]}’ pcll(~r[l];lncc dcpc’tlds  Iiitgt’ly on
nlini[lli7it]g tllc pdr:{~itic current tl]d(  pla, gucs ;111 Iigt]l
(Ic[u’l(m, ttlc (I;tlh  current (Itlc L’UI’I’L’1)1 11):11 flow’s  [i)loll@ a
biaicd (ICILW[(JI in II]c dat L, i.e., wilt] no ptlo[(~ns impinging
on it). A\ \Yc I]al,c  di~cusw’(1 Cl WWJIIC’t L’’7h1, :1( tc’IIlpc IiIIu IL’s

at>ovc 4 5  K, t h e  d;irk CUIICIl[  of [Ilc QL4’11’ ii cr)lik.ly

(Iomind(ut t)y claisic thct-mionic  cmiisi(~ll of gtou[ld sldtc
clcclt(ms (Iirc’c[ly  0111 <)t’ltlc  lvc’11  inlo IIlc  cnL’lgy  c(mlilluulll.
M i n i m i z i n g  this last c o m p o n e n t ”  i s  c r i t i c a l  to tt]c
collllllcl~idl success 01” ltlc QW1l’ lt~ il :III(JJYS [I]c lligllly -
(tcsirablc  I]igtl-lell]llcrtitllrc’ c:lmct:i opcrdtion.

Ttlclc’t’ol’c, \vc Il;ivc (Icsigned tllc t~[~ul][l-[(b
qlld\itX)lll  K{ (111:111(11111 W’cll t)y placi[lg [lIL’ I’itil ckcilcd SI:llc
cxac[ly 41 the’  Rc’il top :IS hho)vn in };ig IIIC I .  “1’tlc’ ptc’vi(m~
QN’11’s WL’IC ca l led [he tlo~lll(l-lo-c(,  tltill~l~ltll,” tx’cauic ltlc’
fil S1 cxcitcd s[:i[c  lv:is a cwllinuum ctlL’igy  bdnd :Itx)ve  (k
\vcll t(~p (Iypicdlly 10 mcV). I)toppif]g tllc f’lrsl  chcilc’(1
Slil[c  10 lI)C \\L.11 [<)p L’:lll\cs ltlc tl:(t [ ict  It) tt]c’r[nionic
e m i s s i o n  (roughly the energy hcighl ftonl tl]c gt~)u]ld  s t a t e
10 lhc \Ycll  top) 10 bc - 1(; IllC\/ lllol’L.  ill 0111 bo~l[l[l  -[(h

qu[~sitx)Llnd Q\*’ II’ thdn  ill the bollt](l-lo-cot  ][itlll~ll]l otlc,
c;tusi]lg lhc d:(rk  Cul-rc’nl to drop hy d I’:iclor 01” -  () ill a
Iclupcl”i(tul”c  01”70 K’(’ ‘“.
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polilkxl ol)to”  (IIC lop ;111[1 tmllom  Colllttc[  laym.

to lilt number of qll:llllllnl  WCIIS ~, the ilctlcl” C’olllpilliM)Il  W’OUld iw lilt w’c’11  CLIIJ[lII”C  ill”oh;lbllll~  pu. Ivilicil ii ciireclly It’ldtc(i

to Ii}c g:litll’”1 by g = l/Npc. ‘1’hc cdlcul:ttcd lvcii capture  pl(h:iiliiilici :irc 25(4 al iow ili:ts ( i . e . .  Vt] = -1 V )  and 2% at hi,gil

ilias (i.e., \’f; = -5 V) Jvilicil togcthct in(iicalc Ii]c  Cxccllcnt  ilot-ciccttotl tt’atl~ixwl  ill tilis (i~’vice s[rucluk’. ‘1’hc pcah dctectivity
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Af!cl (be mn(km rcflcc(or artay \v:(s  CICIIIICCI  by IIN Ii(b(lgti(pt]y ~IIId  {lIy c(cbing. IIIC [~l]c)t(Jcot~clLlc[i\Jc  Q \  VI})s of t h e
256x256 };PAs  \vcrc  fabricated by ~vcl cbcmicul clcbing Ibrough lbc [~llolt)ic’tl~i(it’c G:tAs/AlxG:i ] .xA\ t]]lllti-clll:trlttlr~~  well

Itiycrs  inlo lbc (). S pt])  tbich e loped [i~tA\ bott(~tn conl:tcl I;iycr. “1’IK pitci] of the l:l’A is 38 pm and (he acludl pixel size is

28X28  pm~. Ttw random rcflcc(ors on top of tbc  dctcctt)ls wcw tbcn  Covctt.>d ~vi(b ALI/Cic and Au for O h m i c  conttict and
r-eflcclim. I;iguw 3 show% tivc’nty  five proccswd Q\$’II’ f:l’As w a ~ inch  Cia As U’afcl-. lndium bumps  uwe then evapwatui
on to[) of tbe detectors  for Si readout circuit (RO(’)  hytwidizatim. A sillglc QW’I  P I;l’A JvLi~ chmcn and hybridiycd (v ia
it]diulll buml~-bonding pr(wcss)  to a z~ok~~(, (’hloS l]~ultiplcxct (All~bcr A};- 1 6 6 )  and bi:{wd lit VII = -  1 . ( )  V .  A t

tcn~pct~itul”c’s bclo)y  72 K, tbc sign;(l  to noise  Ia[io 01 the system  is Iitllitc’cl  by drri(y [~(}ll-Llt~i fcJr[llitj,  m u l t i p l e x e r  rcxkmt no i se ,

at)(l pl)()(() cut[c’nt (pl Ioto II” flub) t}oiw. At tcl))lwm[urt’s  itbo)’c  72 K ,  [L’II1[XJI:II  noiw CIUC (() ttle QWll)’S Iligbcr- clark cLirrcnt

hcc(JIIIcs  the limit~ttion. A s  mcrltiom(l  car’]icr  ttli\ tligtlcr darh  CUI”I’L’111 is CILIC  to ttlcrmionic enlissi(m and ttlLl\ caLIses the

cb:lIgc sloragc ctipacilors o f  tbe red(loLll citcuilry tO s;iturdlc.  Sitlcc Ihc QWI 1’ i~ d bigb impcddnce  ckvicc, it sbOuld yield a
very  high ch:irgc inlecli(m coupling clllcietlcy it)lo the if)tcgratiotl cdp;lcilor of the multiplexer. In facl Bethca  ct al.’{’ have
dcmwlstratd cb:trgc  inicctiwl cfficicncim apprmichitlg 90(4.  CTbargc illicction cfflcicncy C:\[l be Oblditd frtd”.
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installed in(o at] Amber KAI)IANC’1~ I ‘i’k4 catIKtiI-lwdy, 10 dcmfm\IraIc  a haml-held 1.WIR  camera (shcr~vll ill f:igurc 5). T’hc
camcrit  is cquippcci  Ivith a 32-fJi[  llOating-pOill[ di.pilal  signal processor comhi[wl lvilh multi -tashing wflw:ire, p rov id i ng  the

spCCd ad p r e f e r  10 L’ACCIIIL’ Coltlplex itl~:lgc’-[)roccssit]g and :itlalysis  i’unclions i n s i d e  tk camera txKly i[sclf. ~’tlc othcl-

elcmenl  0 1  the cdnlcIa is a 100” m m  local Icnglh g e r m a n i u m  lens, ivilh a 5.S dcgrw flcld ol’ vie~v. 1[ i s  des igned tO bc
transp:ir-ent  in (he 8-12  pm ivavelcnglh r a n g e , 10 k cwnpaliblc w’ittl Ihc QW’ll)’S  8.5 pm opcralim. I’hc digital acquisition
rewlulim of the camcrti  ii I 2-t~ils,  lvhich dclennincs lhc instanlanmu~ dynamic range Of lhc calllcra (i. e., 4(KM).  llOwcver,
[he dynamic  range  of QWl}) ii 85 Ik’cibcli. 11~ m)lllitml pOlvcr  collsu[uplion ii Icss lhatl 50 Wral[s.
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[ltlcltc~LLlrlctllll  (]tl-ltrlif(]iitlily  (\\llicll includcsa 1(1 ttotl-tltlifk)llllily  ol’lllrR() (’;ill(l;l” 1.4’1 ]lot]-tltlilor[  ]]i[y(l llctottlccc~lcl-
s[op  it] t’lon[ of the 1~1’A not  yielding the salnc  t’icld  ot’viclv to all the pixels) of(hc 05,53(1 pixels ol the 2 5 6 x 2 5 6  I;l’A is
almu[  6.8(/( (= signudm can).  ‘1’tw tloll-lltlilor[llily” al’lcl t}v(J-pOinl  ( 17’ and 27’  (’clsiu~) correcliml impmws tO an impl-cssive
().()5 (A. Asl~lct~ti(~t]c(l  e;irlict,t  l]isl]iglly icl(lisc lLle[(J[  tlcc Accllcl][{ i;iAsgc~ltvllll ll]il~~rl]~ily~ tt~(l[llcr  ]~ii[tlrcC i;tAs~~rc~cessil~g
Icchnt)logy.  Af(el c{)rlcction, IIICII\LIICIIICIlt~  (JI’ II)c rc. sidual tloll-~l[]il’c)ul]lily  \vcIc I]ladc at lcnlpcraturcs  r a n g i n g  f r o m  1 0

[’elsiu~ (lhc cold tcmpct”alure  ]ilni[ (JJ lhe blachlxxly) up 10 .’Ic)  ~’cl~iu~.  ‘1’hc l~oll-llt~il’{)rl~lity  al each lcn~pemturc  w’a~ founci  by
a v e r a g i n g  10 fratllcs,  calcul;iting lIIc stand at-d dcviatim Of Ihc pikcl-lwpixcl variati(m 01 Ihc 16 frame average and then
div id ing by (he mean Oulpul,  pr(xiucillg 11(~11-lltlil[)rlllity  Illat Inay  hc rk’pmlcxl  a~a pcrcen[age.  I;orcamcra systclusthn( h a v e
Nl;A’1’of:ib(mt 25 l]]K,tl]ccorlcct~.~1  imagcmu~t have less IhaII(J.1${  t~otl-ll!lifolt]]ity”  il~(~Icler  tol~c’I’\~c  lL[;ilIty.{)r~lyat a
lcmpcraturc Of 39 (’clsius did Ilk’ catncla’s IIoll-llllil’otlllily” Chcc’cd  lhc 0.1C4 IIc)tl-llrlifor(llity lhl-t’shold. I;igurc 6 shows IICM-

unif(mnity plot[ed vctsus  went Icmper:ituw.  ‘M(’ 32 Cclsiu~  u’il]d[~w  ~vllc’rc the cwrcctim ii brlow ().1(4 is b a s e d  on t h e
tNC;l\LllC(i  (Ia[a all(l C)IIC  chtl”apolalc(l  CIata pOint al 6( ’clsi Ll\
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I IKI{I ( 7. hlit];t)l[(tt)  I c,$(III(II)[(I /(trI/JIICIII(I  t </I/)(t(tI((  (h flill))
/)10/[ ((1 (I\ 11 /I(tI(rI())I  ()/ !1/( A’rqI(i,\(  ,/) (qI(ctI(  v (?/ 1..<?  (v/))11  At
/(15{  (~/ III( h’@(i.\@ c&(w;\”/hc  hfh’11)  w({\”  19 t})h’

“1’hc tninimulll rcsOlvablc  Ien]pcra[ure d i f f e r e n c e
( MR’1’t)) is sl]owfn in I:igure 7. While the collcc[icm of [he d:ita
d(ws II(M adlwrk’  tO Ihc gc’ncrally  acccptd requircnlctlts Of hav ing
mulliple (~tlscrvcls, (hc daIa  i s  c o n s i s t e n t  ~vith the NEiA’1’
iIIC’;I\LI  rL’IIIC’Ill  aII(l \vOrlh rcporling, [)ata lvas taken w i th  seven
bat talgc[s ranging in spalial ffc>qucrlcy  fwm O. I cycles/rr]ilti
radiat]  up to I .33 cy/mr,  lhc first target  where r10 contrast cOLIlct

he rncaiut’~’d  (uuctcal’). A t  t h e  Iowcsl spatial fr’qucr]cy, t h e
hlR’1’1)  ~vai 19 r~]K (or 1!) mCclsius). }igure 7  shoivs  NIRI’1)
plt)l[ccl  as ii Iutlc(ion of the Nyquist ftcqucncy of 1.32 cy/mI.

AI’1’I,ICA’1’IONS

IJIR1l IJ1(; lI’I’IIN(; :

\/idc(J  itl];tgcs  I+erc, takct]  at a  frame rale of 6 0  }J7 at

teil]pL.ratur~~s ai high as ‘1’ = 70 K, using  a ROC  capacitor havir~g

a chatgc capacity Of 9A 1 ($’ Clcclr{)t]s  (the makimum number Of
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